The performance of the Bombardier TTS/Pittsburgh Signalling group has been evaluated twice: first in November 2003 and again in January 2006. The 2003 evaluation established a baseline for the evaluation of progress made in 2006. During those visits, the same evaluation method was used to evaluate project performance and organizational change management, i.e. the people issues. Since 2003, there has been substantial improvement in both process maturity level and process performance. This experience report, at Bombardier Transportation, illustrates that process performance improvements are achievable when two key factors are involved, namely: a link between business goals and process improvement activities, and a sponsor committing the right level of resources to the improvement program. This paper explains the multi-dimensional methodology used to perform the evaluations, as well as the business goals and the quantitative performance improvements achieved since 2003.
Introduction
This paper presents the evaluations of process performances that have been conducted in a major transportation company. In the first section, we explain the challenges facing train manufacturers; next, we briefly describe the context of the experience report. The three dimensions of the evaluation methodology are explained. The results of the evaluations conducted in 2003 and 2006 are presented, as well as the impact of process improvements on business results. Finally, we list a series of recommendations to further improve the performance of the organization.
Challenges Facing Train Manufacturers
Since the beginning of the 20 th Century, moving people within cities and developed areas has been a technological challenge, and it is one that has necessitated the development of mass transit systems ranging from the very basic to the highly complex. There are many types of mass transit systems, six of which are described in the table 1.
Type of System
System Capacity (passengers per hour per direction [pphpd]) Light rail systems, which normally do not have a dedicated guideway or protected guideway, and which require a driver.
fewer than 5,000
Metro (light Metro) and rapid transit systems, which can be above ground, elevated or underground, and which can adopt different modes of operation ranging from manual to automated.
15,000 pphpd
Monorail systems, which can adopt different modes of operation.
5,000-10,000 pphpd Automated People Movers (APMs), which are normally smaller types of metro mass transit system that are often fully automated.
5,000-15,000 pphpd Advanced Rapid Transit (ART) systems, which feature fully automated operation.
10,000-30,000 pphpd Heavy Metro systems, which can be automated and are normally high-capacity. 30,000-60,000 pphpd
Table 1 -Types of mass transit system (adapted from Drolet 2004)
Many airport and transportation operating authorities are considering adopting the so-called unattended or driverless automation technology. Among the motivators for this are increased system efficiency and reliability, improved flexibility to respond to changing passenger volumes and reduced cost of operations over the period of the system life cycle. The advantages of automated systems are listed in table 2.
Reliability and punctuality Train crews available for service to passengers Greater safety for passengers Shorter service intervals -less waiting for passengers Flexible train service for peak hours or special events Fewer vehicles, thus lower investment Energy savings due to optimum operation, shorter platform requirements Attractive service, thus more passengers
Table 2 -Advantages of automated systems (adapted from Drolet 2004)
When full automation of the transit system is the ultimate objective, it is necessary to consider a more comprehensive integration of all the elements and functions involved in the global system. With a manual system, it is possible to consider the following aspects of the system separately: vehicles and stations, the mechanical, electrical, communications, surveillance and information systems, and other functions. Automation demands that these be brought into a fully integrated system (see Figure 1) . In this figure, the Wayside on the right is performing the operation and maintenance activities. This obviously increases the level of complexity, as well as the work requirements for design, testing and system validation, and to address safety considerations. For a typical transit system, it would not be uncommon to schedule over 5,000 engineering activities in the detailed project schedule for delivery of an Automatic Train Control System (ATC), nor would it be abnormal to invest well over 200,000 hours of engineering to deliver an automated system, as opposed to a fraction of this for a manual system. The complexity resides in the level of safety verification and the software needed to address all the functions particular to a driverless system.
Description of the Context
Bombardier Transportation, which was created in 1974 to provide subway wagons for the Montreal Transit Authority, grew through many acquisitions to become a leading manufacturer of rail material for moving people. The company had 16,000 employees before acquiring ADtranZ in 2001, an acquisition that brought the company 20,000 additional employees with an engineering presence in 25 countries. It is interesting to note that ADtranZ had also been the result of a merger, in that case of sections of ABB and Daimler Chrysler. Bombardier Transportation now has more than 30 software engineering sites, bringing the number of people employed in software engineering-related jobs to a total of around 950. In order to provide technologies to all divisions, and to do so at a rapid pace, it has been decided that a common vocabulary, common processes and common roles will be used. The strategy developed to achieve this is as follows:
Adopt internationally recognized reference documents o Models o Standards o Body of Knowledge Develop common processes, work instructions and role definitions o Independent of the organizational structure So far, the CoC has led the development of integrated software engineering processes (BES), a set of software engineering Roles and Responsibilities , Laporte 2005 , a set of Peer Reviews ranging from informal desk check reviews, to walkthroughs and inspections (IEEE 1028). In the next sections, the three dimensions of the Evaluation Methodology (e.g. Process, Technology and Engineering (People)) are presented, along with the results of both evaluations (see Figure 2 ). As illustrated in this figure, the three dimensions are used to support business objectives (e.g. Business Context).
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Figure 2 -The three dimensions of the Evaluation Methodology
Evaluation of the Process Dimension
The Process dimension reuses a tailored version of the industry-proven Capability Maturity Model (CMM) 1 evaluation methods. Depending on business needs (organizational and project list) and the scope of the evaluation, the Process Areas, or Key Process Areas (KPA) for the Software Capability Maturity Model (SW-CMM), are prioritized (high/medium/low). Then, an evaluation agenda is created using Bombardier SWE Process role names. The agenda is then updated with the individuals involved in the project who are associated with those roles. Communication is conducted in advance to ensure smooth participation and to manage the people's expectations. During the Collecting Evidence step, an Evaluation Sheet is used to log the gathered/analyzed data. This Evaluation Sheet is also used to establish the maturity indicators employed in the Site Findings.
A-Preparation Phase
• 
Results of the 2003 Process Evaluation
Process maturity was evaluated using the Software CMM ® from the Software Engineering Institute (SEI) as a framework. Table 3 lists the conclusions of the CMM mini-evaluation carried out. It was found that the organization had some adjustments to make before conducting a formal SEI evaluation. 
Evaluation of the Performance Measures Dimension
Performance measures are mandatory if the contribution of the process to the achievement of business goals is to be correctly assessed. The first step was to identify the performance measures in use in the organization. Then, the methods and values were validated for applicability, validity and correctness. Finally, the results were used to evaluate the performance dimension. The elements considered during the evaluation are described below.
Defects
The objective is to measure the quality of the software developed.
• Number of defects
Productivity
The objective of the productivity index (PI) is to measure both the productivity and the productivity improvement over time, and to use the results as a basis for estimation.
• Product size (e.g. Source Line of Code)
• Effort in hours of labour • Calculation: Product size/Effort
Earned Value
Earned Value Management is a method for integrating scope, schedule and resources, as well as for measuring project performance. It compares the amount of work that was planned with how much value was actually earned and with how much work was actually expended, to determine if cost and schedule performance are proceeding as anticipated. (ANSI/EIA-748-1998).
• Budget cost of work scheduled (BCWS)
• Budget cost of work performed (BCWP)
• Actual cost of work performed (ACWP)
The Earned Value concept is illustrated in Figure 3 . The objective is to measure performance and take action to realign the project schedule if needed.
Calculation: BCWP/BCWS Cost performance index (CPI)
The objective is to measure performance and take corrective action when required, as well as to compare performance with that of past projects.
Calculation: BCWP/ACWP Critical ratio (CR)
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Calculation: SPI X CPI
The objective, for ongoing projects, is to measure overall performance.
• 0.9 > Ratio < 1.2 means that the project is under control.
• 0.8 > Ratio < 0.9 or 1.2 > Ratio < 1.3 means that corrective action is required.
• 0.8 > Ratio > 1.3 means that the scope and estimates of the remaining project should be revised.
Results of the 2003 Process Performance Measure Evaluation
At the time of the 2003 evaluation, it was very difficult and time-consuming to obtain the data elements required to perform basic performance analysis. Different groups, individuals and systems had to be consulted, and the level of confidence in data accuracy was not very high. Therefore, even though the analysis results, as illustrated in Table 4 , were quite good, they do not really reflect project realities. By 2003, a project management process had been defined; however, it had not really been implemented, supported or enforced. Although the process complied with SEI CMM requirements, it did not address the performance management concerns to the level required by a well-organized Earned Value Management system. Moreover, the required data collection activity was more or less considered a waste of time by a large proportion of the organization. Therefore, no real benefits were associated with, and generated by, this process.
PROJECT
Results of the 2006 Process Performance Measure Evaluation
In 2006, with a system in place, data collection was fast and easy, and the performance measures had already been calculated and used for all projects selected for the assessment. Some verification was conducted (spot checks, for example) to validate accuracy, and no discrepancies were found.
The only data element that was not readily available was product size, which prevented calculation of the Performance Index. This can be explained by the fact that numerous different engineering approaches and programming languages are in use. However, a common product sizing reference project is planned for the coming years.
As illustrated in Table 5 , the analysis results now show problems and reflect project realities. This, combined with the fact that the entire organization understands and makes use of these metrics to identify the required correctives actions, constitutes a major achievement and contributes to the overall success of the organization. The software project tracking and oversight process has been evaluated as fully compliant with CMM requirements, and a performance management system has been implemented for it that is fully supported by an automated tool. Moreover, the commitment to the process is such that management actively participates in it and strongly enforces it. Being closely and officially associated with the organization's business objectives, the performance management system and the overall software/systems engineering process are now recognized as valuable when used in this way by the organization, and real benefits are now being generated by this process.
PROJECT
These measures are now meaningful to the organization and used to better manage operations in order to reach defined business goals. However, it is not clear that everyone involved has the necessary knowledge and expertise to effectively use the data and measures to contribute to the performance improvement effort.
In 2006, all the data and measures were produced regularly and for every project conducted by the organization. All the information has been made available electronically to managers by a Project Management Office (PMO) and also published on a public board called "The Wall". All employees can therefore see the performance of all projects. The Wall displays the following elements (see 
Evaluation of the People Dimension
Since the management of change is a key element of a successful process improvement program, a series of actions was planned to facilitate the development, implementation and adoption of the processes, methods and tools (Laporte 1993 , Laporte 1998 , Laporte 1999 . As illustrated in Figure 5 , this structured approach was used to evaluate and manage the human and cultural elements of an organization in order to manage the changes necessary to meet its business objectives. The organization's change readiness was evaluated, using Implementation Management Associates (IMA, www.imaworldwide.com) tools, by measuring the elements listed in The assessments performed allowed the organization to better identify potential barriers and perform mitigating actions to increase the likelihood of the success of a change project.
Results of the 2003 People Evaluation
At the end of the opening session, questionnaires were distributed randomly to a few participants. The results of the questionnaires, as illustrated in Table 7 , are useful to pinpoint weaknesses; they are not statistically valid, however, since only 19 questionnaires were completed.
• Implementation History Assessment (5 questionnaires completed):
o The scores range between 55 and 88. The average score is 62, which indicates a low to moderate probability of implementation success. The following weaknesses were highlighted: Changes are not clearly prioritized;
The focus is on too many key changes; Resources and rewards are not aligned with priorities; The focus is not maintained, and other changes are found to be distracting; Changes are not clearly related to key organizational vision and strategies.
• Organizational Change Stress Test (5 questionnaires completed):
o The following changes were identified by the participants as major organizational changes: Productization Six-sigma implementation Bombardier-ADtranZ acquisition Internal split between divisions New process implementation (e.g. PAL) Organizational structure Move from department-to project-oriented organization o The scores range between 340 and 1280. The average score is 752. A score over 600
indicates that the employees are operating in an environment of intense turbulence and complexity. Careful prioritization and allocation of resources will be critical for successful implementation of future changes.
• Individual Readiness Assessment (4 questionnaires completed):
o The scores range between 63 and 80. The average score is 70, which indicates a moderate probability of implementation success. The following weaknesses were highlighted:
The proposed change will not have a positive impact on job characteristics like status and/or salary; Past implementations have not been consistently successful; Work pressure and stress are significant; The proposed change is perceived as reversible.
• Cultural Assessment (5 questionnaires completed):
o The scores range between 29 and 64. The average score is 54, which indicates a low probability of implementation success. The following weakness was highlighted:
The current reinforcement management requires a significant change. 
Assessment
Other Issues
The following issues were captured during interviews:
• The organization has been trying for many years to attain CMM Level 2, and has been over-exposed (e.g. "bad taste") to the CMM.
• If software development moves off-shore (e.g. to India), developers will be doing the "boring" part (e.g. documenting specifications) and sending away the "interesting" part (i.e. development, coding).
• Some people do not understand the motivation behind obtaining CMMI Level 3 by 2006.
• Customers are becoming more educated and demanding.
• There are two software cultures at the Pittsburgh site: one for the development of "vital" software components and another for the development of all the other software components.
• There is a rumour about another downsizing to take place within the next few months o From 750 employees to 500. 
Recommended Actions to Improve the Probability of Implementation Success
Issues and Recommendations from the 2006 Evaluation
During the 2006 site evaluations, a few deficiencies were noted. These issues are explained below, and recommendations are proposed.
Deploy a sizing evaluation approach
A potential area for improvement is the full implementation, as soon as possible, of the common sizing approach used in the estimation process. We agree that the SLOC (Source Lines of Code) measure may not always be appropriate; however, a common sizing measure is required to evaluate and compare the PI, which can be used later to better estimate the effort required for new projects, thereby improving predictability and profitability on new project.
Embed lessons learned in organizational processes
Lessons learned are actually captured and stored on the Intranet, so that managers can consult them when needed. Unfortunately, they are often not used by other projects. In order to make sure that these lessons learned are not forgotten, it is recommended that applicable processes, procedures or checklists be modified/updated as soon as a lessons-learned session is completed. Also, it may be possible to integrate lessons learned from the Peer Reviews.
Conduct lessons-learned sessions on process improvement activities
The Pittsburgh site has only conducted lessons-learned sessions on projects. Since the site is planning to implement the new CMMI model in all divisions, it is recommended that lessons-learned sessions be conducted on the process improvement activities conducted so far in order to better prepare for the second cycle of improvements.
Evaluate people (Change Management Readiness) at all TTS sites
It is well known that one of the main factors in the success of a major change project is the people factor (e.g. the soft issues involved in managing changes). Before launching the new CMMI process improvement project at all TTS sites and in all groups, a thorough analysis of cultural issues should be performed. This will allow the identification, mainly in other divisions, of strengths and barriers that will need to be addressed to increase the probability of success of the CMMI project.
Improve the Peer Review process
Data presented during the 2006 site visit demonstrated the utilization of a Peer Review technique. Figure 5 illustrates the types of defect found by Peer Reviews (November 2005 data).
Figure 5 -Types of defect collected from peer reviews
Since about two thirds (i.e. 34% + 28%) of the defects identified are related to coding and documentation standards compliance, it is recommended that all software engineers be properly trained so that Peer Review effort will be more effective in detecting major defects (defects that could lead to failure, for example, instead of wasting expertise on finding cosmetic errors). Although only 3% of the defects are requirements defects, it is widely known that these are very expensive to fix when detected later in the development process.
Data from NASA (Bennett 2005) , as illustrated in Figure 6 , show that an error introduced in the requirements phase will cost 5 times more to correct in the design phase than in the phase in which it was introduced. It will cost 10 times more to repair in the code phase, 50 times more in the test phase, 130 times more in the integration phase and 368 times more when repaired during the operational phase. The NASA data also show, as illustrated in Figure 7 , that 74% of defects are functional faults. Over 24% of these faults were interface faults. Note that only 2 percent were the result of software module coding errors.
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Figure 7 -Fault distribution at NASA (Bennett 2005)
In order to increase defect removal effectiveness and review efficiency of major defects, it is recommended that another type of Peer Review, called Inspection, be introduced. Inspection is a well-known "best practice" technique for defect identification and removal. It was recommended that the Bombardier Transport Procedure (BES 'Software Peer Reviews' Instruction) be adopted at the Pittsburgh site. This procedure complies with IEEE Standard 1028-Software Reviews. The adoption of the Inspection technique should be quite easy, since the Pittsburgh site is already performing a less formal type of Peer Review. The Inspection technique is in line with the six-sigma approach and the Bombardier Non Conformity Cost Reduction (NCC) program.
Perform sampling Peer Reviews
In order to evaluate the quality of a document, a sampling evaluation technique is recommended. The sampling technique allows a quick evaluation, i.e. taking approximately 30 minutes, of the number of defects per page. Using this technique, management will be in a better position to select the type of Peer Review technique best suited to the level of criticality of the document reviewed without wasting scarce resources on reviewing a document that already meets the standard of quality required.
Analysis of Results
There 
Conclusion
This organization has moved rapidly up the CMM maturity scale, not by a desire to comply with a model, but based on defined, measurable and communicated business goals. The Pittsburgh TTS/Signalling Group's compliance with CMM Level 3 happened as a by-product of a business performance improvement effort, not the reverse.
The three major dimensions of an organization, Engineering (People), Process and Technology, are constantly put in a business context for validation and prioritization within this organization. Doing so ensures real commitment from the organization at every level, since visible return on investment is expected from any improvement initiative.
These factors, combined with the support of a strong leadership, explain the rapid performance improvements that have occurred within the organization.
